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1 SUMMARY 
 

     Efforts to support and implement the Culebra Community Watershed Action Plan for 

Coral Reefs and Water Quality has led to unprecedented collaborations between the 

Municipality of Culebra, the Department of Natural and Environmental Resources (DNER), 

National Oceanic and Atmospheric Administration (NOAA), US Fish and Wildlife Service 

(FWS), local organizations and the community in general.  Observing the need to address 

chronic sediment laden runoff at critical sites in Culebra, two additional projects were 

carried out from July, 2015 to March 2016; one at Tamarindo Beach and the other at the 

south of Ensenada Honda near Fulladosa Bay (Figure 1).  These projects represent major 

Figure 1.  Culebra map with site locations. 
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sediment and stormwater runoff control practices on unpaved road systems impacting 

Culebra’s coastal and marine resources.  The Fulladosa site represents a location draining 

to Ensenada Honda, a bay recognized as critical habitat due to prevalence and abundance 

of seagrass beds and coral reefs.  At this site there is an increasing sediment plume that is 

severely impacting seagrass communities.  Further, the Tamarindo site, is a project focusing 

on the restoration needs in the upper and final portion of the road leading to Tamarindo 

Beach. In this portion of the road, passenger vehicle and service providers have created a 

new dirt turnaround, increasing the exposed area.  This exposed area, in addition to a poorly 

managed runoff, represents a major sediment source that is impacting critical coral reef 

habitats and for the coral farms project near Bahia Tamarindo.  

     The goals of these projects were to address runoff from the adjacent roads and bare soil 

areas prior to being discharged to the marine environment. These efforts had the 

endorsements of the Municipality of Culebra, the Conservation and Development Authority 

of Culebra (ACDEC) and the support of the Department of Natural and Environmental 

Resources (DNER), as well as from the local community. Furthermore, the Municipality of 

Culebra agreed to provide long term maintenance to the stabilized roads (see Appendix). 

It is important to point out that the majority of the labor for these efforts has been 

contracted locally from Culebra.  These projects received technical assistance from the 

DNER, the US Fish and Wildlife Service (USFWS) and NOAA.  USFWS and DNER also provided 

native trees to be planted as part of the reforestation program.  DNER provided logistical 

support and accommodation for the work team at their facilities in Culebra.  Project sites 
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were selected in coordination with Horsley Witten Group, NOAA CRCP, the Municipality of 

Culebra and home owners from the area.  
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2 INTRODUCTION 
 

     Increased levels of land-based sediment loads associated with coastal development is 

one of the most important factors affecting coastal marine ecosystems in Puerto Rico.  

Puerto Rico coral reefs are among the most threatened marine ecosystems in the Caribbean.  

The degradation of coastal water quality in Puerto Rico has caused a decline in the 

population and health of coral reefs.  The ability of reefs to survive is gradually being 

reduced as fine sediment and nutrient discharges from the land to the coastal waters 

increase. From the stand point of marine ecosystems conservation, degradation of water 

quality due to dispersed land-based sources of pollution has negative and sometimes 

irreversible damage to the integrity of the coral reef communities, sea grasses, mangroves 

and other highly valued coastal ecosystems.   

High rates of sedimentation, excess nutrients, urbanization and sanitary sewage 

overflow are the main causes of the degradation of marine ecosystems.  This phenomenon 

is mainly due to the lack of sustainable management from the perspective of integrated 

watershed management.  Erosion and habitat degradation are other serious problems that 

our wetlands, estuaries and coastal waters face.  In particular, the removal of vegetation 

and land clearing activities for construction without proper erosion and sedimentation 

control practices, impact marine and coastal ecosystems and diminishes the attractive of 

coastal areas for recreation and tourism. High sediment loads to marine environments 

resulting from poorly maintained dirt roads without the installation of proper management 

practices, is a very common problem in Culebra. In order to assess these issues we 

established two restoration projects, one at Tamarindo Beach and the other near Fulladosa. 
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     Tamarindo Beach is part of the Luis Peña Chanel Marine Reserve, a no-take reserve that 

has become one of the most popular tourist destinations in Culebra.  It is also considered 

critical habitat for listed green sea turtles, which includes waters extending seaward 3 nm 

(5.6 km) from the mean high water line of Culebra Island, Puerto Rico. This area is one of 

the most important ecosystems in the Island, not just for its natural value, but also for the 

benefit it provides to the local economy.  The fact that a successful coral restoration project 

has increased coral and fish populations, has attracted a wide variety of visitors.  This has 

created a huge demand for space (e.g. parking area, tourist operations), which has resulted 

in an increase of illegal activities such as unauthorized parking, deforestation, camping and 

land clearing.  The high visitation in this area has resulted in an increased pressure on 

natural resources therefore increasing the need for implementation of management 

practices to ensure both the enjoyment of visitors to the area as well as the protection and 

conservation of this unique coastal resource. The lack of proper planning, management and 

the absence of erosion and sediment control practices has led to an increase in sediment 

pulses that affects coral reef ecosystems in Tamarindo.   

     The Fulladosa site is composed of a municipal dirt road system. This dirt road is very steep 

and it is one of the major sources of sediment runoff to Ensenada Honda.  Approximately ½ 

mile of dirt road was stabilized to reduce sediment transport to the marine environment of 

Ensenada Honda.  Prior to stabilization of the dirt road, run off was running through the 

center of the road causing erosion forces to drag sediments to the marine environment.  

The road was regraded and runoff was conveyed into a continuous swale that runs parallel 

to the road.  The road was also compacted using a 15 ton compacting roller.  The swale was 
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filled with 2-8 inch stones to reduce the energy of the water and to hold some of the 

sediment resulting from the dirt road.  The swale discharges runoff into a series of sediment 

traps and rain gardens.  The purpose of these projects were to implement sediment and 

erosion control measures to reduce sediment loads into the marine ecosystems.  These 

projects have the ability to improve water quality and contribute to the health of adjacent 

coral reefs, and ultimately support the Culebra local economy.   
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3 IMPLEMENTATION 

3.1. TAMARINDO 
 

A micro-watershed approach was used as a management unit for this coastal area 

(Figure 2).  The problems identified in Tamarindo were mainly associated with runoff 

generated from the exposed dirt turnaround (Figure 3) and the extensive areas of unpaved 

road in areas that drain directly to the Marine Reserve (Figure 4).  Existing infrastructure 

was in a critical state of disrepair with rutting and small undesirable watercourses conveying 

runoff and sediment down to Tamarindo Beach.  This was causing bank erosion that was 

yielding considerable amounts of sediments directly to coral reef communities (Figures 5).   

Figure 2.  Conceptual diagram of work completed at Tamarindo Beach. 
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 Figure 3.  Google Earth August 2015 aerial with turnaround area of Tamarindo in red 
circle before stabilization. 

Figure 4.  Picture of turnaround area of Tamarindo before stabilization. 
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 Figures 5.  Pictures of existing conditions of the Tamarindo site before stabilization. 
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After several field evaluations, recommendations from the local community, DNER, FWS 

and NOAA the following restoration components were established: 

a. SEDIMENT STABILIZATION ON UNPAVED SECTIONS OF THE ROAD 

The previously paved road at the end of Tamarindo Beach has suffered a lot of 

changes mostly from rain, heavy traffic and lack of maintenance.  This resulted with greater 

and newer areas of exposed soil, pot holes, and damaged drainages that were eroding the 

sides of the road yielding sediments to the 

marine environment.  In order to reduce runoff 

and dissipate its energy, we rehabilitated 

culvert drainages with riprap and Vetiver swales 

built parallel to both sides of the road. The 

implementation of these practices will promote 

sheet flow towards a series of sediment trap 

system built with stones after passing through 

several lines of Vetiver grass with gabion stones (Figure 6).  Further, water was conveyed to 

intercepts at 3 locations.  On both sides of the road, we broke up flow paths and reduced 

concentrated flow over the road, thus converging flows to areas of treatment.  Upon 

finalizing the rehabilitation, we covered most of the exposed soil with a mixture of different 

sizes of gravel to allow compaction (Figures 7).   

Figure 6.  Stabilized culvert drainage. 
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Figures 7.  Pictures of some of the work completed. 
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b. UNPAVED TURNAROUND DRIVEWAY STABILIZATION 

 

There is a huge parking demand on Tamarindo Beach and cars use most of the side of 

the access road to park, making it very difficult for the big passenger vans to be able to turn 

around.  As a consequence, these large vehicles have created a dirt turnaround area over 

time (Figure 8).  This area of exposed soils receives storm water from the uphill paved access 

road to Tamarindo Estates apartment complex picking up sediments on its way to the 

nearshore environment a few meters away, just in front of the coral farm site.   

Conservation practices implemented to stabilize this site were composed of a series of 

check dams and bio swales with the combination of excavation of 2 to 4 inches of soil and 

Figure 8.  Turnaround site before stabilization. 



Reduction and control of sediment-laden runoff near critical coral reef ecosystems, Culebra, Puerto Rico 

Final Report  March, 2016 

 

Page 15 of 33 

 

replacing it with a mixture of different size gravel (¼ – 1 ¼ inch).  Gravel was also compacted 

with a 16 ton compacting roller (Figures 9 to 12).     
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 Figure 9.  Turnaround site at Tamarindo after stabilization. 

Figure 10.  Turnaround site at Tamarindo during compaction process. 
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Figure 11.  Turnaround site at Tamarindo during stabilization process. 

Figure 12.  Turnaround site at Tamarindo after stabilization. 
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c. CREATION OF A SERIES OF SEDIMENT TRAPS 

 

A sediment trap system was designed to help filter storm water that was causing erosion 

problems and discharging sediments to Tamarindo Beach.  The entire filtration process 

consists of three stabilization ponds.  This practice was designed to lower the erosive force 

of water, treat residual runoff coming from the road and divert water to forested areas.  

Water is conveyed to the sediment traps trough gabion stone and Vetiver grass swales.  In 

this design the three sediment traps have a variable size to provide a reduction of sediment 

and hydraulic energy.  This will allow water to pass throughout the system slowly while 

reducing sediment load.  In order to ensure durability, the berms on the three sediment 

traps were compacted using a 10 ton vibrating compacting roller (Figures 13 to 17).  Vetiver 

Figure 13.  Construction of sediment traps process. 
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and other native plants were planted in the surroundings to further aid in the filtration 

process. 

 

 

FIGURE 7. Sediment pond construction process.  This was a major source of sediment due to an 
eroding bank which was stabilized and converted into a holding pond. 

Figure 14.  Sediment trap prior to be stabilized. 

Figure 15.  Sediment trap compaction of the berms process. 
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Figure 16.  Sediment trap after stabilization. 

Figure 17.  Sediment trap after a rain event of 2.5 inch.  
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3.2. FULLADOSA SITE 
 

This site is a very steep Municipal dirt road 

(Figure 18).  After several site visits with NOAA 

representatives this site has been selected as a 

priority for restoration do to the huge sediment 

load it produces to the Ensenada Honda Bay.  

This sediment plume has been evidenced by the 

monitoring component that NOAA has been 

conducting for the past year.  This project has 

included the participation of Municipality staff 

as well as most of the home owners from the 

site.  The main problem of this dirt road system 

is that it was constructed in the flow patterns of 

a natural dry channel.  Most of the runoff that 

drained naturally through the dry channel has 

been intercepted by the road and runoff was 

flowing on the top of the road discharging directly 

to the Bay without passing through the natural 

dry channel. The main objective on this project 

was to redirect runoff to its natural course into 

the dry channel after passing through a series of 
Figure 18.  Pictures of existing conditions of 
the Fulladosa site before stabilization. 
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treatments. The implemented restoration components (Figure 19), included: 

  

Figure 19.  Conceptual diagram of work completed at Fulladosa. 
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a. LAND SURVEY AND SCHEMATIC DESIGN  

A topographic survey (Figure 20) was conducted from the top of the subwatershed 

down to the coastal area including the dirt road and where erosion and sediment control 

practices where to be implemented.  With this information, a detailed conceptual design 

was completed (see Appendix). This task 

was used, among other purposes, to 

identify water sources, identify current 

hydrological patters and the necessary 

grading activities to achieve desired 

conditions. The topography was 

performed on a 3 acre of land in 0.15 meter 

contour intervals to account for minor fluctuations in elevations that may not be detected 

with 1 meter contour intervals.  The conceptual design drawings and preparation task 

included the design of plans, profile and sections of the restoration site to be used in the 

construction phase.   

  

Figure 20.  Topographic survey at Fulladosa. 
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b. ESTABLISHMENT OF TEMPORARY EROSION AND SEDIMENT CONTROL PRACTICES 

Before starting any restoration 

work in the area, we installed a 

series of temporary sediment and 

erosion control practices at the 

current road and parking lot and 

also in the areas that new work 

was going to take place.   Sediment 

control practices included 

installing silt fences and planting Vetiver grass to redirect runoff to forested areas (Figure 

21).  

  

Figure 21.  Example of temporary sediment control practices.   
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c. STABILIZATION AND CONDITIONING OF DIRT ACCESS ROAD 

Approximately ½ mile of dirt road was stabilized 

to reduce sediment transport to the marine 

environment of Ensenada Honda.  Prior to 

stabilization of the steep dirt road, run off was 

running through the center of the road causing 

erosion forces to drag sediments to the marine 

environment (Figure 22).  This section of the dirt 

road was regraded toward the outside of the 

hillside and runoff was conveyed into a 

continuous swale with check dames at intervals 

of approximate 25 ft. and the road was 

compacted using a 20 ton compacting roller 

(Figure 23-28).  The check dams were 

constructed using 8-12 inch stones to reduce the 

energy of the water and to hold some of the 

sediment resulting from the dirt road.  The swale 

discharges runoff into a series of sediment traps 

and then to forested areas (Figure 29-35).  

 

 

Figure 22.  Pictures of existing conditions 
of the Fulladosa site before stabilization. 
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Figure 23-28.  Pictures of regrading, compaction and stabilization process at the Fulladosa site. 
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Figure 29-35.  Pictures of completed dirt road stabilization with check dams in place at the Fulladosa site. 
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d. CREATION OF A SEDIMENT TRAP AND RAIN 

GARDEN SYSTEM 

A series of 2 sediment trap systems 

were constructed (Figures 36-38 and 39-

40). The sediment ponds were design to 

trap most of the core particulates and the 

overflow discharges through a cascade 

composed of combine boulders and smaller 

stones and various lines of Vetiver grass 

before entering a forested area in its way to 

the dry channel.  

We have been able to see sediment 

traps response to rain events, which has 

allowed us the opportunity to observe and 

evaluate their effectiveness. This period has 

set the basis to fine tune all the practices as 

well as to engage more community 

members in the maintenance group.  

 

 

 

 

Figure 36-38.  Pictures of sediment trap and 
rain garden construction process and 
completed rain garden at Fulladosa site.  
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Figure 39-40.  Pictures of second completed sediment trap at the Fulladosa site. 
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e. FOLLOW UP VISITS TO ENSURE PROPER MAINTENANCE AND EVALUATE FUNCTIONALITY. 

Monthly visits for up to 4 months were conducted to ensure that the practices installed 

are working properly, particularly after rain events. Problems encountered were fixed 

during this period.  We have also removed any unnecessary temporary measures installed 

after the site was fully stabilized and restoration activities are completed. During this period 

plants were irrigated and grasses and vines were removed to help in the plant survival.  
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4 COSTS 
 

The work for Tamarindo and the Fulladosa site projects was performed for a total cost 

of $81,925 as described in Table 1.  From the total cost, approximately $27,500 was used 

for Tamarindo and $54,425 for the Fulladosa site. A total in-kind (non-cash) match of 

$64,100 was estimated on this effort from contributing entities including the DNER, PDC, 

Culebra Municipality, local contractors and community volunteers as described in Table 2 

for a total cost effort of $146,025.   

Table 1.  Summarized Global Costs  

 

 

 

CATEGORY COST 

Labor and Manpower $6,000 

Rental Equipment and Materials Transportation $9,900 

Materials (costs include 8-12”, 2-4’, ¾/1 ½”, size stones, Vetiver plants, and other mis. materials) $30,000 

Project Management, Coordination, Design and Engineering $27,000 

Travel (gas, flights, ferry, etc.) $6,325 

Per Diem $2,700 

TOTAL $81,925 
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 Table 2.  Estimated In-Kind Match Contributions from Project Partners 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ENTITY ACTIVITY UNITS COST/UNIT TOTAL COST 

DNER Trees at a cost of $20/tree 550 $ 20 $ 11,000 

DNER 
Lodging for 8 persons at a rate 

of 1300/Month 
10 $ 1,500 $ 15,000 

Edwin Falcón 
Compacting Roller at a rate of 

$350/day 
3 $ 350 $ 1,050 

Edwin Falcón Dozer at a rate of $650/day 3 $ 650 $ 1,950 

Municipality 
of Culebra 

Hours labor 100 $ 30 $ 3,000 

Omar 
Villanueva 

Backhoe at a rate of $400/day 30 $ 400 $ 12,000 

PDC 
Dump truck at a  rate of 

$450/day 
18 $ 450 $ 8,100 

PDC 
Uncompensated hours at a 

team mean cost/hour 
100 $ 75 $ 7,500 

PDC 
Landscaping Supplies (hand 

tools, soil enhancements, auger 
drill, generator, etc.) 

45 $ 100 $ 4,500 

TOTAL ESTIMATED $ 64,100 
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5 APPENDIXES  



June 13, 2016 

Roberto Viqueira Rios 
Executive Director 
Protectores de Cuencas, Inc. 

ESTADO LIBRE ASOCIADO DE PUERTO RICO 

GOBIERNO MUNICIPAL DE CULEBRA 
CULEBRA, PUERTO RICO 00775 

AGREEMENT TO FOSTER COLLABORATIVE EFFORTS TO STABILIZE UNPAVED ROADS THROUGH THE 

INSTALLATION OF SEDIMENT AND EROSION CONTROL PRACTICES IN THE MUNICIPALITY OF CULEBRA, 

PUERTO Rico 

Sediment-laden runoff from unpaved roads, impervious surfaces and bare soils is considered to be 
one of the most critical stressors to Culebra ' s coastal habitats, especially its coral reefs. Addressing this 
environmental threat through restoration and infrastructure improvements and preventing future impacts 
through improved policies are the critical steps to ensure a sustainable future for Culebra. Protectores de 
Cuencas (PDC) is a community based nonprofit organization helping to restore and protect watersheds and 
associated ecosystems such as coral reefs across Puerto Rico. PDC has extensive experience implementing 
conservation practices on agricultural and non-agricultural natural resources, implementing interagency 
agreements and integrating collaboration and fostering community involvement through all these processes. 

The underlying objective of the present agreement is to foster collaborative efforts to stabilize 
unpaved roads through the installation of sediment and erosion control practices in the Municipality of 
Culebra. The project will focus its efforts on the stabilization of unpaved roads maintained by the 
Municipality of Culebra to be completed, upon field assessment, by PDC and implementation of erosion 
and sediment quality controls. These efforts will provide direct benefit to coastal and coral reef habitats of 
Culebra as these practices assist in reducing runoff and sediment contribution to coastal waters . The 
endangered species and critical habitats will directly benefit from this initiative. 

The Municipality of Culebra agrees to the following: 

• Allow permit and access to public municipal roads to perform sediment and erosion control 
practices. 

• Provide technical assistance. 
• Assist in coordination efforts leading up to the installation of sediment and erosion control 

practices. 
• Provide long term maintenance of the stabilized roads . 

an Solis 

Mayor of Culebra 

APARTADO POSTAL 189 • CULEBRA. PUERTO RICO 00775 • TEL. (787) 742-3521 / 742-3116 • FAX (787) 742-0111 
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